Outcomes: The primary outcome was ultimate acute hospital mortality, defined as death prior to discharge. The secondary outcomes considered were admission type, surgical versus nonsurgical, and the severity of respiratory distress defined by arterial oxygen concentration/inspired oxygen concentration (PaO 2 /FiO 2 ratio). Surgical admissions were defined as patients admitted directly from the operating theatre. All other admissions were considered non-surgical.
The study design Retrospective, cohort study: A secondary analysis of the Case Mix Programme Database, collected as part of the national clinical audit coordinated by ICNARC.
The study patients Eligible: Adult patients admitted to a general intensive care unit in the UK from 1st January 2008-31st December 2010 who required mechanical ventilation within the first 24 hours of admission.
Included: A tota1 of 104,844 adults (aged ≥16 years) from 193 intensive care units in the UK. Exclusion criteria: Intensive care units (ICU) with less than six months of ICNARC data available; all patients aged less than 16 years; inter-ICU transfers; and all patients re-admitted to ICU during the same hospital admission.
The study
This was in two parts: 1. To interrogate the primary outcome, a retrospective cohort analysis of two years of ICNARC data from all general intensive care admissions in the UK was performed, looking at the relationship between volume of mechanically ventilated admissions (absolute number) per intensive care unit per year and acute hospital mortality. The results were adjusted for a priori selected cofounders (age, sex, ICNARC physiology score, APACHE II score, activities of daily living, prior CPR, location prior to admission and hospital type).
Volume-outcome relationships for mechanically ventilated adult patients 2C02, 3C00
For mechanically ventilated patients there is a significant relationship between the annual volume (absolute number) of mechanically ventilated admissions to UK intensive care units and acute hospital mortality. Intensive care units admitting more than 321 ventilated patients per annum demonstrated a statistically significant survival benefit (p<0.02). This relationship was most pronounced among non-surgical admissions.
Level of evidence: Level 2B: retrospective cohort study, but with concerns over validity. 
mortality
Key # Excluding the two outlying units with >750 annual admissions, * p value for acute in hospital mortality between mean value across four quartiles <0.02, ** p value for acute in-hospital mortality between non-surgical admissions across four quartiles <0.001.
The evidence:
2. In the secondary outcomes, the effect of admission type (surgical versus non-surgical) and the severity of respiratory failure were considered. The relationship between volume of admissions and acute hospital mortality was compared between surgical and non-surgical admissions and for patients with PaO 2 /FiO 2 ratios of <50 mm Hg, <100 mm Hg, <200 mm Hg and <300 mm Hg within the first twenty four hours of admission.
An analysis of baseline characteristics was performed, with units divided into quartiles based on their annual volume of mechanically ventilated admissions. The median value was quoted for each quartile and the acute hospital mortality in each quartile was recorded as a percentage.
The results demonstrated an unprecedented increase in ultimate acute in-hospital mortality for the two highest volume units (both admitting more than 750 ventilated patients per year). Exclusion of these two units from further analysis demonstrated a more linear volume-outcome relationship and it was this that was used for the final conclusion.
The study demonstrated a statistically significant inverse relationship between annual volume of mechanically ventilated admissions and ultimate acute hospital mortality (p<0.02). There was a strong interaction for non-surgical admissions but no significant volume-outcome interaction with PaO 2 /FiO 2 ratio. The authors conclude that their results support the Department of Health expert group policy to centralise advanced respiratory care for admissions with the most severe respiratory failure. 2 and 3 respectively. Furthermore, the use of the mean value as a measure of central tendency when generating an odds ratio is inaccurate in this non-parametrically distributed dataset. The median would be a better representation, demonstrated by the fact that the mean value, 321 annual admissions, actually lies in the fourth quartile. Using the mean therefore potentially biases the results towards a negative linear relationship between volume and outcome. The authors admit that the statistical significance of the results varied with the polynomial modelling strategy used. When the data was analysed using fractional polynomial regression modelling, there was a statistically significant linear relationship between the annual volume of mechanically ventilated patients admitted and acute hospital mortality (p <0.02), as published. However when an alternative appropriate statistical test, restricted cubic splines, was applied the results were not statistically significant (p=0.87). This result remained non-significant when the two largest outlying units were excluded. The authors claim this discrepancy may be the result of type II error. These factors lead to concerns over the internal validity of the study.
EBM questions

Did any results get omitted and why?
Yes. There were a number of key omissions in this paper, which are particularly relevant given the conclusions drawn. All patients transferred between intensive care units were omitted to prevent confounding between different intensive care units. Thus 12,165 patients were excluded, 10% of admissions. In the analysis, the two units with the highest annual volume of mechanically ventilated patients, over 750 annual admissions, had the highest acute mortality. These two units were perceived to be outliers with an unprecedentedly high mortality and so were excluded from further analysis. Exclusion of these two units generated a more linear relationship between volume of annual admissions and acute hospital mortality (p <0.03). 4. Are the conclusions valid in light of the results? No. The authors have shown a relationship between the annual volume of mechanically ventilated patients admitted to general intensive care units and ultimate acute hospital mortality; however, this result was not consistent when using different statistical tests and only showed a linear relationship once the two largest intensive care units were excluded. This adds to the concerns over the internal validity of the study. The authors have drawn conclusions beyond the confines of the dataset provided. They extrapolated data for units with 6-12 months of ICNARC data over a two-year period; however, this assumes that the admission rate and mortality rate would remain constant over this period and does not take into account seasonal variations in admissions, especially due to infectious respiratory disease, notably influenza or local pandemics.
The results showed no interaction between the severity of respiratory failure as measured by PaO 2 /FiO 2 ratio and volume-outcome relationship for acute mortality; however, they conclude that the results support the recent Department of Health guidance to centralise the delivery and organisation of specialist, advanced respiratory care for admissions with the most severe respiratory failure. 2 Similarly, by excluding all patients transferred between intensive care units to prevent confounding, they have no data to support the safe transfer of critically ill patients with respiratory failure between intensive care units. It is possible that the act of transferring patients in respiratory failure could actually increase their acute mortality and therefore negate any benefit from centralising specialist respiratory services. 5. Did the authors suggest further areas for research? Yes. Aware that centralisation of respiratory care will have a number of ramifications beyond acute mortality data, the authors recommended further work is required to consider the potential harm incurred from the transportation of critically ill patients to the centralised unit and the impact on families' and patients' relationships with their original healthcare team following transfer. 6. Did they make any recommendations based on the results and were they appropriate? Yes. The authors claim that their results demonstrated a significant volume-outcome relationship for mechanically ventilated admissions to adult general intensive care units in the UK, and support the UK Department of Health proposal for the centralisation of advanced respiratory care for admissions with the most severe respiratory failure. 2 The lack of a significant relationship between PaO 2 /FiO 2 ratio and volume-outcome data for mechanically ventilated patients suggests that there is no evidence at present to support the care of patients with the most severe respiratory failure in the highest volume units. Furthermore, the exclusion of all transferred patients means there is no evidence that transferring patients has a positive impact on their outcome. Transfer could potentially increase mortality and negate the benefit of centralising tertiary respiratory care. Further work is required to evaluate the impact of transferring patients with advanced respiratory failure between intensive care units. Excluding all transferred patients generates concern over the external validity of this study. 7. Is the study relevant to my clinical practice? Yes. The centralisation of adult intensive care is very relevant currently, with new national guidance being developed based on emerging data supporting volume-outcome relationships. 3 The future of intensive care needs to be developed on a robust evidence-based platform from these national studies.
What level of evidence does the study represent? Level 2B
retrospective cohort study, but there are significant concerns over validity as highlighted in 1-6 above. 9. What grade of recommendations can I make when this study is considered alone? None, given these concerns. 10.What grade of recommendations can I make when this study is considered along with other available evidence? Grade B.
There is conflicting evidence provided by previous level 2 retrospective cohort studies. 11.Should I change my practice based on the results? No. Further evidence is required considering the outcomes of patients admitted to high volume centres for mechanical ventilation and to assess the impact of transferring the sickest patients to receive tertiary level respiratory care. However clinicians still need to be proactive in responding to deteriorating PaO 2 /FiO 2 ratio despite optimal lung-protective ventilation, including consideration of referral to specialist centres. 12.Should I audit my practice because of these results? Yes. This study does highlight that more research is needed into the concept of centralisation of different facets of ICU care. Further analysis of ICNARC data including all UK centres is essential to allow intensive care networks to develop based on evidence-based practice.
